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研究成果の概要（英文）：The selection of appropriate optimization criteria, i.e. objective 
functions, has been discussed over a long period in the literature. In a lot of researches, 
the sum of cubed active states of muscle models (activations) of all muscle models was 
minimized for estimating muscle force. However, it was inferred that the sum of the cubed 
activations is not always the best criterion. The sum of squared activations was the best 
for slow-walk speed, the sum of cubed muscle forces for slow-jog speed, and the sum of 
4th
 
-powered activations for fast-jog speed. Similar results were obtained for vertical 
jump, standing long jump, and landing motions. It is considered that the human locomotion 
is not controlled by a single criterion, but by various criteria according to the 
locomotion speeds and subjective efforts. 
交付決定額 
                               （金額単位：円） 
 直接経費 間接経費 合 計 
2007年度 6,700,000 2,010,000 8,710,000 
2008年度 3,500,000 1,050,000 4,550,000 
2009年度 3,700,000 1,110,000 4,810,000 
年度    
  年度    










                     
研究課題名（英文） A BIOMECHNICAL STUDY ON CRITERIA FOR OPTIMIZATION OF HUMAN MOVEMENTS 
 
研究代表者 























































































































































































































































表 1 筋電と筋活性度の相関係数 
（歩および走動作） 
squared cubed 4th powered squared cubed 4th powered
Slow walk (1.0 m/s) 0.682 ± 0.067 0.671 ± 0.054 0.647 ± 0.052 0.551 ± 0.095 0.568 ± 0.089 0.581 ± 0.083
Normal walk (1.5 m/s) 0.734 ± 0.047 0.747 ± 0.056 0.717 ± 0.078 0.672 ± 0.073 0.680 ± 0.080 0.683 ± 0.083
Fast walk (2.0 m/s) 0.735 ± 0.066 0.740 ± 0.059 0.728 ± 0.064 0.694 ± 0.069 0.696 ± 0.071 0.698 ± 0.075
Slow jog (2.4 m/s) 0.727 ± 0.059 0.723 ± 0.063 0.726 ± 0.065 0.628 ± 0.082 0.620 ± 0.081 0.617 ± 0.087
Run (4.0 m/s) 0.720 ± 0.064 0.738 ± 0.063 0.735 ± 0.060 0.565 ± 0.080 0.566 ± 0.093 0.563 ± 0.099
squared cubed 4th powered squared cubed 4th powered
Slow walk (1.0 m/s) 0.621 ± 0.069 0.622 ± 0.065 0.453 ± 0.050 0.479 ± 0.078 0.492 ± 0.082 0.493 ± 0.080
Normal walk (1.5 m/s) 0.708 ± 0.067 0.712 ± 0.072 0.590 ± 0.099 0.618 ± 0.058 0.625 ± 0.053 0.627 ± 0.058
Fast walk (2.0 m/s) 0.728 ± 0.051 0.726 ± 0.043 0.596 ± 0.060 0.637 ± 0.048 0.639 ± 0.049 0.639 ± 0.050
Slow jog (2.4 m/s) 0.742 ± 0.066 0.743 ± 0.070 0.640 ± 0.076 0.591 ± 0.093 0.598 ± 0.093 0.606 ± 0.084
Run (4.0 m/s) 0.686 ± 0.071 0.680 ± 0.067 0.565 ± 0.086 0.578 ± 0.071 0.586 ± 0.072 0.587 ± 0.069
squared cubed 4th powered squared cubed 4th powered
Slow walk (1.0 m/s) 0.579 ± 0.067 0.577 ± 0.059 0.474 ± 0.075 0.434 ± 0.116 0.389 ± 0.098 0.350 ± 0.079
Normal walk (1.5 m/s) 0.654 ± 0.072 0.646 ± 0.073 0.536 ± 0.059 0.450 ± 0.094 0.500 ± 0.084 0.427 ± 0.086
Fast walk (2.0 m/s) 0.627 ± 0.066 0.620 ± 0.060 0.573 ± 0.068 0.513 ± 0.080 0.502 ± 0.071 0.475 ± 0.078
Slow jog (2.4 m/s) 0.505 ± 0.083 0.514 ± 0.083 0.500 ± 0.045 0.397 ± 0.090 0.406 ± 0.089 0.437 ± 0.127
Run (4.0 m/s) 0.525 ± 0.108 0.523 ± 0.095 0.501 ± 0.070 0.515 ± 0.056 0.525 ± 0.055 0.462 ± 0.129
squared cubed 4th powered squared cubed 4th powered
Slow walk (1.0 m/s) 0.371 ± 0.044 0.377 ± 0.043 0.388 ± 0.063 0.397 ± 0.067 0.365 ± 0.057 0.374 ± 0.051
Normal walk (1.5 m/s) 0.377 ± 0.071 0.451 ± 0.107 0.468 ± 0.110 0.418 ± 0.055 0.394 ± 0.080 0.388 ± 0.087
Fast walk (2.0 m/s) 0.424 ± 0.085 0.488 ± 0.084 0.510 ± 0.080 0.434 ± 0.065 0.445 ± 0.069 0.423 ± 0.064
Slow jog (2.4 m/s) 0.351 ± 0.074 0.314 ± 0.110 0.328 ± 0.132 0.465 ± 0.067 0.463 ± 0.063 0.425 ± 0.046
Run (4.0 m/s) 0.486 ± 0.095 0.451 ± 0.145 0.433 ± 0.147 0.517 ± 0.067 0.516 ± 0.064 0.509 ± 0.049
① Activation ② Muscle force
③ Stress (muscle force/PCSA) ④ Power
⑤ Change of activation ⑥ Change of muscle force
⑦ Change of stress ⑧ Change of power
 
 
表 2 筋電と筋活性度の相関係数 
（垂直跳動作） 
squared cubed 4th powered squared cubed 4th powered
50% 0.365 0.390 0.346 0.242 0.274 0.298
70% 0.319 0.342 0.326 0.219 0.260 0.277
80% 0.313 0.352 0.316 0.236 0.258 0.261
90% 0.332 0.365 0.327 0.234 0.259 0.273
100% 0.249 0.303 0.249 0.210 0.239 0.228
squared cubed 4th powered
50% 0.421 0.399 0.240
70% 0.349 0.362 0.202
80% 0.355 0.355 0.215
90% 0.369 0.379 0.143
100% 0.271 0.298 0.088
① Activation ② Muscle force
③ Stress (muscle force/PCSA)
 
表 3 筋電と筋活性度の相関係数 
（立幅跳動作） 
squared cubed 4th powered squared cubed 4th powered
50% 0.365 0.394 0.385 0.329 0.335 0.334
70% 0.226 0.276 0.263 0.211 0.217 0.222
80% 0.298 0.283 0.254 0.253 0.265 0.263
90% 0.222 0.281 0.259 0.233 0.244 0.218
100% 0.173 0.204 0.206 0.117 0.110 0.116
squared cubed 4th powered
50% 0.411 0.401 0.210
70% 0.300 0.288 0.119
80% 0.307 0.287 0.139
90% 0.255 0.245 0.142
100% 0.138 0.140 0.053
① Activation ② Muscle force
③ Stress (muscle force/PCSA)
 
表 4 筋電と筋活性度の相関係数 
（着地動作） 
squared cubed 4th powered squared cubed 4th powered
0.2m 0.207 0.202 0.191 0.184 0.187 0.194
0.4m 0.182 0.202 0.203 0.153 0.173 0.166
0.6m 0.159 0.197 0.198 0.142 0.163 0.168
squared cubed 4th powered
0.2m 0.222 0.214 0.133
0.4m 0.224 0.212 0.091
0.6m 0.220 0.214 0.069
① Activation ② Muscle force
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